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TITLE 

FLUID FLOW-FIELDS FOR ELECTROCHEMICAL DEVICES 

FIELD OF THE INVENTION 
This investion relates to new electrochemical fuel cdls. and in particular 
S to the design of fluid How fields for the electrically conductive plates. 

TECHNICAL BACKGROUND OF THE INVENTION 
A fuel cell is a gaJvanic cell that generates electrical energy by converting 
chemical energy, derived from a fiiel aipplied to the cell, directly into electrical 
energy by an electrochemical process in which die fuel is oxidized in the cell. A 

10 typical fuel cell includes an anode, a cathode, electrocatalysts and an electrolyte 
hoiised in a casing. The fuel material and oxidant are continuously and 
independently supplied to the anodes and rathrwtn, reflectively, where the fuel 
and oxidant react chemically to generate a useable electric current. The reaction 
by-products are withdrawn firom the cell 

IS A great advantage of a fiid cell is that it converts chemical energy directly 

to electrical energy without the necessity of nndersMng any intennediale steps, 
for example, combustion of a hydrocarbcm or carbonaceous fiiel as takes place in 
a thennal power station. A fuel cell reactOT may comprise a single-cell, or a 
muhi-cell stack. In either case, <he roem brai ie/electrode assembly (MEA). 

20 comprising the pmon-coitdncting mem b ran e (flie electrolyte) and the anode and 
cathode, is tyjncally sandwiched between two lugMy (electrically) conductive 
flow field plates diat may serve multiple fWictions. First, these plates may 
function as cunem cotlectors fnovidiog electrical continuity between the fliel cdl 
volUi^ tenninals and electrodes. Additionally, the flow field plates provide 

25 mechanica] support for die MEA and distribute the reactants and water across the 
active area of the MEA electrodes, which is accomplidied by a flow field 
im p rin ted into die side of each plate in direct contact with the electrodes of the 
MEA. It is wen known that (he perfonnance of a ftael eel) is hi^ly dependent on 
the efficient tranqwn of reactants to die electrodes, on the uniform faumidification 

30 of ibe MEA, and on the appropriate water man^ement of the cell. i.e.. the supply 
and removal of water produced during operation of the cell. Since flow fi^ 
design oontrols the reactant concentration gradiem, flow rate, pressure drop and 
water distributions, the flow field design affects the performance of Aid cells. 
Tie rods and end plates hold the fuel cell assembly togedier. Feed 

35 manifolds are respectively provided to feed the fuel (such as hydrogen, reformed 
metiianol or natural gas) to the anode and the oxidant (air or oxygen) to the 
catiiode via the fluid flow field plates. Exhaust numifolds are provided to exhaust 
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rx fcsff fuel and oxidani gases and water and other by-products formed at the 
cadiode. 

Multi-cdl structures comprise two or more such fuel cell assembbes 
connected together in series or in parallel to increase the overall power output of 
5 the fuel cell as required, lo such arrangements, the cells are typically eomwcted in 
series, wherein one side of a given plate is the anode plate fen- one cell, and the 
other side of the plate is the cathode plate for the adjacent cell and so on. 

The flow field is impiiBted imo the side of each flow fidd plate in direct 
contact with the electrodes of the MEA. The flow fidd provides distribution^flow 

10 channels lo distribute the reactaiits across the active area of the MEA electrodes 
and remove by-product and water. 

The petibrmance of the fbel cell is highly dependem on the eflicient 
transport of reactanls to the electrodes, on the tonoval of by-products and water 
away from the electrodes, and on the app ro pri ate fluid management of the cell. 

15 Flow field design affects the perfbnnanceofanelectrDCfacmicalfiid cell because 
flow field design controls the reactant concentration gradient, distribution, flow 
rale, pressure drop and waier/by^jroduct removal 

Recently, several problems have been recognized in the art widi reflect to 
flow field design and die reactant flow chaond configurations, espeddly in fuel 

20 cells that use liquid fbeb such as methanol as reactams. Key problems widi these 
prior art designs inchidc tnadei|uate fiid flow distribution, hi^ pressure-drops 
across the MEA and poor removal of byproducts and water. 

Convemiood flow field designs typicdly con^Risc cidier pin or serpentine 
dedgns. An example of a flow field dengo of the pin-type is illustrated in U.S. 

25 Patent No. 4.769,297 in which an anode flow field plate and a cathode flow fidd 
plate have each projections, which maybe referred to as pins. The iud flows 
across the anode plate through the intervening grooves formed by flie projections, 
vrith tiie oxidairt similarly flowing throuj^ intervening grooves fonned in die 
cathode flow field plate. Othn^ examples of flow fields having a pin-^rpe design 

30 are illustrated in U.S. Patent No. 4,826.742. Pin-design flow fidds result in low 
reactant pressure drop across the corresponding flow field, however, reactants 
flowing through such flow fields tend to follow the path of least redstance across 
the flow fidd that may result in channeling and the fbnnatton of stagnant areas. 
This in turn results in poor f\iel cell perfoimance. 

35 An example of a flow Held incorporming a single serpenlioe design is 

illustrated in U.S. Patent No. 4,988^83. As shown in Fig. 2 of U.S. Patent 
No. 4.988,583, a sin^e continuous fluid flow channd is fomied in a major surface 
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of the flow field plate A reactant entere tfaiou^ the fluid inlel of the serpentine 
How channe] and exits throu^ the fluid outlet after traveling over a major pan the 
plaie. Such a single serpentine flow field forces the reactant flow lo traverse the 
cnlire active area of the corresponding electrode, thereby elinrinaling areas of 
S stagnant flow. However, this channeling of reactant across the active area results 
in a relatively high reactant flow path length that creates a stibstantial pressure 
drop and significant concentration gradients from inlet to outlet. Additionally, the 
use of a sin^e channel to collect the entire liquid water product from the electrode 
may fmnnote fk)oding of the single se^ientine, e^iecially at high cuxrent densities. 
1 0 U.S. Patent No. 4,98S^83 also tries u> address this pressure drop problem 

by providing an embodiment in which there are several continuous separate iSow 
The multiple serpentine flow design is ilhistnied in Fig. 4 of U.S. 
PstentNo. S.l 08.849. 

The now field designs described have certain drawbacks, especially in fiiel 
IS cells uaogmedianol as the reaetamfiiel. In such systons, the by-products are 
large quantities of carbon dioxide gas and water. The main drawbacks include: 
. Unikvorable pressure drop across the flow field. Long, nanow flow 
paths, as found in the serpentine designs, lead to high pressure drops inside 
the flow channels. In these cases, high parasitic power is required to 
20 pressurize the leadaiits. 

- Stagnant areas within die Dow field. The reaction late of the fiiel cell is 
normally slorwer in stagnant areas, hence stgnificaiilly affecting the 
performance of the fuel cell. The fbnnaxion and presence of stagnant areas 
leads to tnefiective utilizaiiMi of the electrode catalyst This occurs when 
2S the reactants are in die liquid fom and the by-products are gases with 

limited solubility in the liquid reactants imder <^>erating conditions. The 
by-products foim gas bubbles that nuy adsorb on the dectrode surface and 
cover the active catalyst area and/or upsetMnderAe flow of reactants in 
the flow GekL 

30 -Flooding of the electrode. In cases vtoe the reactantt are in the gas 

frfiase ^i^le the by-products are liquid, poor removal and accunmlation of 
die by-products inside ibit cell will piomote flooding. Floodiiig reduces 
the eCftcioicy of the fuel cell since less reactant is exposed to die catalyst 
in die electrode. 

3S - Hi^ concentration gradients of reactants across the flow field. Long 

flow paths may cause significant concentration gradients from the inlet to 



3 



(15) JP 2004-526283 A 2004.8.26 



WO 02At69426 PCT/US02AI7S23 

the outlet of the fuel cell, and lead to non-mufonn current distribution 
tfarougb the fueled! 

These problems aod others are addressed by the flow field designs of the 
present invention. 
5 SUMMARY OF THE TNVENTIQN 

Hie present invention provides fluid flow field designs compnsuig 
combinations of dtagonal dumnels and orifices. The diagonal channels provide 
padiways to distribute the reactant fuel in all diiecdons a flow field and has 
cnifices to optimize the pi e &fcui e drop in the fiiel flow channds between the inlet 
1 0 and outlet manifolds, therdby improving flow distribution and by-product 
removal. 

Acooniingly. there is provided a flofw field plate for use in a proton 
exdiange membrane fiid cell, said flow fieUd plate being made of a suitdile 
electrically conducting material and comprising: 
IS (a) a substantially planar surface; 

(b) a flow fiddfoimed ID die substantiaUy planar surftee. the flow 
field a nnp ris i ng a plimlity of staggered lands defining a netwoik of 
substantially symmeliic interconnected orifices and diagonal channels in 
the flow field; 

20 (c) a fluid atin>ly manifold dnough which fud and an oxidant are 

introduced to the flow field and a fluid exhaust manifold through M/tach 
reaction by-products and excess fuel and oxidant are removed from the 
flowfidd; 

whereby streams of the fbeU oxidant and reaction by-products are continnaUy 
25 squzuted and diverted into separate diannds, and the sqiarated streams are then 
mixed with streams fiiom adjacent chaimels in the orficea. 

In a second embodimem of the preaent hwentioiw ttwre is provided a fuel 
cell assembly comprising: 
(a) an anode; 
30 (b> a cathode; 

(c) a solid polymer electrolyte disposed b e t we en the anode and 
cathode; and 

(d) a pair of opposing flow fidd plates made of a suitable dectrically 
conducting material and comprising: 

35 (i) a substantially planar surface; 

(ii) a flow field fonned in the substantidly planar surface, Uie 
flow field comprising a plimlity of ataggeted lands defining a 
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netwodc of substantially synunetric imercoimected orifices and 
diagonaJ channels in the flow field; 

(tii) a fluid supply manifold through which fuel and an oxidant 
are introduced to the flow field and a fltnd exhaust manifold 
S throu^ which Tcaction by-producu and excess fuel and oxidant are 

removed fiom the flow field; 
wberd>y streams of die fuel, oxidant and reaction by-products are continually 
separated and diverted into separate channels, and the separated streams are then 
mixed with streams from adjacem channels io the offices. 
10 BRIEF DESCRIPTrOK OF THE DRAWINGS 

The pi e f eiT e d embodimenu of the present tnventian will be described witt} 
refmnce tt> the accompanying drawings in whidi Kke numerals lefer to the same 
paitB in die several views and in which: 

Kgure 1 iUustrates two examples ofdie flow field designs of die present 

19 invention; 

Rgure 2 iUustrates a typical flow field of die present invention, namdy the 
hmeycoRib design^ 

Figure 3 dwws die pressure drop of reeclam (liquid medianol and COz 
gas) for the flow field of Figure 2; and 

20 Figure 4 illustrates two-phase pressure gradient (liquid medianol and COj 
gas) for the flow field of Figure 2. 

PFTAnrfrP PFfr<rRiFnohi Qf THE PRSfPRiqgp E^fflPP]Mle^fTS 
A typical fiiel cell reactor may comprise a single-cell, or a muhi-cdll stack. 
In either case, the membrane/electrode assembly (MEA) coniprising the proton- 

25 conducting membrane (the etectndyte) and the anode and cadtode, is typically 
sandwiched between two highly (electrically) conductive flow Udd plates. The 
cadiode and die anode typically comprise a porous backing made of an electrically 
conductive material, such as carbon paper, cloth or Teh, and an electrocatalyst 
layer bonded to the porous badctng. The electrocatalyst layers of each electrode 

30 comprise a mix of electrocatalyst particles and proton-oondocting particles. 

The flow field plate is made of an electrically conductive material, and is 
preferably made from non-porous nuclear grade eaifoon blocks. However, other 
GODveiUional electrically conductive materials such as electrically-conductive 
polymers, corrosion resistant metals, and gr^hite^lymer composites are used to 

3S make the flow field plates. As seen in Figure 2, the plate 20 includes a 

substantially planar surface 22, having a central portion 24. and a flow field 26 
fbmMd in the central poititm 24 of the surface 22. In the illustzated embodiments. 
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both the now field pUtc 20 and the flow field 26 are shown to have a generally 
square shape, which is typical of the shape of conventjonal, industry-standard 
flow fields end plates. However, it diould be understood that the novel features of 
the flow field plaie and included flow field of the present invention are not limited 
5 to a particular geometric diape. It should be fiirther understood that the flow field 
26 does not have to be centrally located in surface 22 of the plate 20. as shown in 
Figure 2. for the present invention. 

As illustrated in Figures 1 A, IB and 2, the present invention involves flow 
field designs comprising combinanons or oetwDilcs of diagonal cfaannels and 

10 orifices. In Figures 1 A and 1 B. a portion of a flow field 26 is illustrated, whereas 
Figure 2 illustnLtes a con^lete plate 20. and flow field 26. 

Id Figure 1 A, the flow field 26 comprises a plurality of staggered 
octagonal shaped lands 28 fonning a honeycomb design. The octagonal lands 28 
define a series or network of diagooal channels 30 in &e flow field 26. The 

IS octagonal lands 28 also define a plurality of orifices 32 in fluid eonneeiion widi 
the dii^onal channels 30. The anows in Figure 1 A illustnte |he flow of fitel, 
oxidant and by-products in the flow fidd 26. In this niustrated example, the flow 
of material is generally fiom the bottom towards up. 

Arrows 34 show a portion of the materia] flowing in an orifice 32. The 

20 material is then separated into qjproximately two equal streams, as shown by 

arrows 36. when the material encounters one of the lands 28. Hence, in the design 
of Figure 1 A, the flow of material is contiinially divided into two appraximalely 
equal streams as the material encounters a land 28. 

Moreover, it will also be noted dm as die material flows through a chaimel 

25 30, it enters an orifice 32, where that material is mixed with material flowing in an 
adjacent channel 30. In other w<»ds, with the honeycomb deagn of Figure 1 A, 
the material (fiid, oxidant and byinoduct), is condnually separated and diverted 
into two cfaannels 30 when it encounters a land 28, and then the separated streams 
are mixed with sireanu from adtjacent channels when the material enters an orifice 

30 32. 

In the embodiment shown in Figure IB. the flow field 26 comprises a 
phiraKty of staggered diamond-duped lands 56 thai define a network on 
interconnected diagmial channels 38 and orifices 40. In the flow of maierial in the 
example of Figure IB is also generally fiom the bottom towards the top. Arrow 
3S 42 shows a stream of material encountering a land and being divided into two 
approximately equal streams 44. The divided streams travel through their 
respective channels 38 and meet at an orifice 40 where the material is mixed with 
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the material from an adjacent chazmel. Therefore, in this example, the flow of 
materia] is also continually separated and diverted into iwo channels 38 when it 
encounter a land 36, and then the separated streams are mixed with streams from 
adjacent channels when the material entas an oiilice 40. 
5 In Figure 2, a complete plate 20 is illustrated, having subtanttally planar 

sorface 22 on which a flow field 26 is located in a caml portion 24 or the surface 
22. A honeycomb dcsi^ flow fidd pattern, similar to thai shown in ¥igm 1 A, is 
diown in Figure 2. The plate further comprises a fluid supply manifold fiom 
which extend ftaiid inlet channels 52. The reactants (fuel and oxidant) enter Ihe 

10 manifold 50 and the flow of leactams is sqiarated arid directed to the plurality of 
inlet channels 52. From the inlet diannels 52. the leactams then enter the network 
of diagonal chimnels 54 and orifices 56 defined by die plurality of staggered 
octagmal lands 58. 

As the readtants enter the flow field 26, they begin reacting and generating 

IS byproducts. The flow of fUel, oxidant and t^-products ooniiues accros the flow 
field 26 geaeiaUy fiom the bottom towards the top. At Ihe exit of the flow field 
26, there are a plurali^ of outlet channeb 60 in fluid ctmnection with a fluid 
exhaust maniold 62 tfamu^ which excess fvel, oxidant and by-products are 
removed. 

20 The materials, as they move .dirouj^ Ihe flow field 26 fiom inlet (boticMn) 

to outlet (top), aic oontinuDusly separated and diverted into two channds 54 
when it enooumen a land, and then the separated streams are mixed with streams 
fiom adjaceni channels 54 when the material enters an orifice 56. This oontimious 
separation and remfacing is efiiBctive in disnibutiiig ttie reactants generally equally 

25 over the erdiTe surface of the flow field 26. while also removing by-products 
ihcsRsfiom. 

In Ihe flow field design of ihe present invention, the diagonal channels, 
therefore, provide pathways lo distribute die fuel reactants, oxidant and by- 
products in all directions within the flow field and the orifices to optimize die 
30 pressure drop in the fluid flow channels between the inlet and outlet manifolds 
thereby inqnoving flow distribution and by-product removal. 

The diagonal dtaimeis also provide pathways for distributing the reactants 
unifonnly on the catalytic surface of the electrode. The average path lengths of 
the channels are substantially equal, thereby exposii^ each portion of the flow 
35 field to the same flow conditions and pressure drop. The offices are distinguished 
by the Venturi effect that creates a push-puU medianism to improve mixii^ of the 
reactants and removal of by-products. 
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The diagonal channels and orifices are defined in the flow field by a 
plurality of Gtaggcred "lands**. Preferably, the staggered lands are octagonal in 
shape (as shown in Figures I A and 2), however other shapes such as diamond (as 
shown in Figure i B) are contemplated. 

S In addition, the flow-field design includes a plunlity of supply manifolds 

and flow passages effective in supplying the fuel and the oxidant to the flow.field 
during operation of the fuel cell and a phiraity of exhaust manifolds and flow 
passages effective for receiving excess fuel and oxidant and by-producu 
dischar^ng firom the flow-field. 

10 Figures 3 and 4 illustrate the theoretical (empirical) pressure drop and 

pressure gradient in a typical flow field of the present invention, fai both cases, 
two-phase flow was assumed, namdy liquid methanol as fuel and caibm dioxide 
as by-pn>ducL 

The flow field design of die present invention, therefore, has been fbnnd to 
IS be effective for tranqsocting the li<pud fiiel or gaseous oxidant during operation of 
the fuel cell. The present invention provides: 

• Optimum pr e sm r e drop inside cdl. that is. it provides an optimum 
balance bcMvcen {vessure drop and perfonnance of the fuel cell 

• Unifbim pressure drop within the fiid cell 
20 • Minimal stagnant areas in the cdll 

« Enhanced fuel distribution across the plate with minimal pressure drop 

• Enhanced by-product removal 

• Improved fuel edl perfonnance. thai is, better system perfonnance, as 
compared with prior art systems 

2S The present invention provides new flow-field desipis comprising a 

netwoik of interconnected chameis and orifices defined by a plurality of 
sta^ered lands. The dumnels are generally linear and arranged diagonal to one 
another \Aulc the orifices are ananged in a staggered fasluon. The channels are 
intcreoraiected to one another in flow ccnnmunication via traverse/longitudinal 

30 channels. 

The flow field deagn is based on die fonnation of multiple orifices and 
channels that reduce the pressure drop to keep the fluid constantly flowing via a 
pttdi-puU mechanism and prevent the fbtmaixon of gas bubbles that could upset 
^ flow of msieriaL The channels are ananged in a diagonal configuration to 
35 ensure homogcDeous distribution of the fuel and oxidant and reduce the 
probability of formation of stagnant areas in the flow field. The preferable 
designs that satisfy most of the above requirements include, but are not limited to. 



8 



(20) 



JP 2004-526283 A 2004.8.26 



WO 02/069426 PCT/CS02/07823 

the diamond and honeycomb designs shown in Figure 1 . Other designs thai may 
be nscd include octagonal or other polygonal stnictures dial combine orifices and 
diagonal channels. 

Although ttie present invention has been shown and described with respect 
5 to its preferred embodiments, ii vnll be understood by those aldUed in the art that 
other changes, modifications, additions and omissions may be made without 
departing from the substance and the scope of the presem im^emion aa defined by 
the attached claims. 
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CLAIMS 

What b claimed is: 

1 . A flow field plaie for use in s proton exchange membraDc fuel oeD. 
the flow field plate being made of a suitable electricaJly conducting material and 

S comprising: 

(a) s substantially planar surface; 

(b) a ik>w field formed in the substantially planar surface, the fkrw 
field comprising a plurality of staggered lands defining a network 
of substantially symmetric tmerconnected orifices and diagonal 

1 0 channels in the fiow field; 

(c) a fluid supply manifold throuj^ which fiid and an oxtdaot are 
introduced to the flow field and a fluid exhaust manifold Ihnmgfh 
which reaction by-productt and excess fiid and oxidant are 
removed from the flow fidd; 

1 S wfaeid>y streams of the fiiel. oxidant and reacUon by-pioducts are coniinudly 
sepaiated and diverted into separate channels, and the separated streams are then 
mixed with streams fhmi adjacem diannelt in the orfices. 

2. The flow field pUte of Claim 1 in which the staggered lands are 
hexagonal in shape. 

20 3. The flow field plate of Claim 1 in which the staggered lands aie 

diagonal in shape. 

4. The flow field plate of Claim 1 in which the tfiagonal channels are 
substantially equal in size. 

5. A fud cell assembly comprising: 
25 (a) anaoode; 

(b) acathode; 

(c) a solid polymer electrolyte disposed between the anode and 
catiiode; and 

(d) a pair of opposiiig flow fidd plates nude of a suitable electrically 
30 oonductii^ material and comprising; 

(i) a sid>stantially planar surfiwe; 

Oi) a flow field formal in the substantially planar surface, the 
flow fidd cotnprising a phtrality of staggered lands definii^ a 
nctworic of snbstamially symmelric imerconiiected orifices 
35 and toeonrf dianneb in the flow fidd; 

(iii) a fluid supply manifold through which fiiel and an oxidant 
are introduced to the flow fidd and a fluid exhaust manifold 
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Unough v^ch reaction by-products and excess fuel and 
oxidani are removed from the flow field; 
whereby streams of the fiiel, oxidant and reaction by-products are continuany 
sepaiatod and diverted into s^sarate channels, and the separated streams are then 
S mixed with streams from adjacent channels in the orfices. 

6. The iiiel cell assembly ofClaim Sin which the staggered lands are 
hexagonal in shape. 

7. The fuel cen assembly of Claim 3 in which the staggered lands are 
diagonal in shape. 

10 8. The fuel cdl assembly of Claim S in whidi the diagonal channeils are 

snbstantiaUy equal in size. 
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FIGURE 2 Honeycomb Flow-4=ield design 
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